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Recently, Kisiel and Hanahan (l) reported a method to purify prothrom-
bin. In the purified product a discrepancy was observed between the one-
stage and the two-stage determination. The same phenomenon has been
observed by other investigators (2). we tried to find the cause of this discre-
pancy and we think that in the light of the results reported by stenflo (3)
(this volume, ref. 3) we can offer a hypothesis to explain it.
In previous work we investigated the kinetic mechanism at the basls of
the one-stage and the two-stage prothrombin determinations (4-6).
All prothrombin determinations are based upon thrombin generation.
Thrombin generation in the absence of antithrombins has a time course as
depicted in figure L The initial velocity of thrombin generation (a) levels
off to approach zero when all prothrombin has been converted into throm-
bin. The amount of thrombin then formed (p) of course reflects the amount
of prothrombin originally present.
In a one-stage test a is measured, in a two-stage test one determines B. In
both tests normal plasma is used as a standard. a and p are interdependent.
when this interdependancy in a preparation is the same as it is in normal
plasma by definition no differences will be found between the one and the
two-stage determination. when on the other hand a certain type of pro-
thrombin is converted at a slower rate than normal prothrombin (d in fig. l )
but eventually produces the same final amount of thrombin (- 50 U/ml in
fig. 1) one will estimate a low level in the one-stage and a normal one in the
two-stage. This is what is actually observed with pIVKA-II (7). we deter-
mined the thrombin generation curve of four types of preparation: a) A
euglobulin precipitate from normal plasma ; b) a preparation of prothrombin
prepared according to a method developed in our laboratory using the
selective effect of Cd-ions upon the adsorbtion of prothrombin onto Al(oH)B
(8, 9); c) a preparation of prothrombin prepared according to Kisiel
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Fig. l. Timecourse of thrombin generation' At-zero time a fixed 
high amount oI pro-
thrombinase is added to u p'oiftto:mbin preparation' The incubation 
is done at37"C' At
2 min. intervars 0.1 ml 
"ld;;;il;lri""tJio" 
mixture are assaved for their thrombin
content.
a : normal plasma (euglobulin preparation) ,.
i , o."rft."i"tin preparation prepared according to ref' 8'
. , 
'pr"irt."*Uin 
preparation prepared accordins t1l:l:1'
d : plasma from patients under deep oral anticoagulatron'
and Hanahan and d) a euglobulin preparation from plasma of 
a deeply
anticoagulated patient. Care was taken to add a fixed 
high amount of
prothrombinase at zero time'
One would like to do this type of experiments with native prothrombin'
butuntreatedplasmacannotbeusedbecauseoftheant i thrombin3present
in it. we therefore used a eugroburin precipitate, i.e. a preparation where 
the
frothrombin went through only one purification step 
viz. acid precipitation.
Weadjustedthedilutionsofthedifferentpreparationssothateventuallythe
same amount of thrombin was formed'
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The initial rates of thrombin formation differed considerably. The amount
of prothrombinase as well as all other conditions being the same with the
four preparations, the differences must be due to the properties of the pro-
thrombin present.
We observe that the kinetic properties of the purified preparations lie
between those of normal prothrombin and PIVKA-II. We can safely assume
that PIVKA-II owes its aberrant activity to the absence of .1-carboxy glu-
tamyl residues necessary for normal function (3). Hypothetically the slow
conversion of the purified prothrombins may be caused by a loss of 1-car-
boxy glutamyl groups during preparation. Kisiel and Hanahans prothrom-
bin generates thrombin at a rather slow pace. During preparation it is sub-
jected'to preparative electrophoresis in addition to a chromatographic pro-
cedure whereas in our procedure we can proceed with one column chromato-
graphy only. We conclude that a discrepancy between the one- and the two-
stage determination in a prothrombin preparation is indicative of a reduced
specific velocity of thrombin generation, possibly because. of loss of "1-
carboxy glutamyl groups.
Table 7. Comparison of different prothrombins in different ests.
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A
one-stage 100
C D E
100 100 2r
97 100 43
2,7 3,4 0,8
two-stage
initial velocity
72
1,2
B
100
60
The activities are expressed in)( of normal plasma, the initial velocity as U of thrombin
per minute.
A : prothrombin prepared according to Kisiel and Hanahan as estimated in our labor-
4tory
B : the same, calculated from the author's results (1)
C : prothrombin prepared according to Devilee (8), (9)
D : normal plasma
E : plasma from a patient receiving dicoumarol.
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